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ABSTRACT

The Earth is surrounded by the ionosphere and magnetosphere that can
roughly be seen schematically as two concentric shells. These two com-
posed and inhomogeneous structured shells around the Earth selectively
affect electromagnetic (EM) waves propagation. Both ionosphere and
magnetosphere interact also with particles and waves coming from ex-
ternal sources, generating electromagnetic phenomena that in turn might
become sources of  EM waves. Conversely, EM waves generated inside the
ionosphere remain confined at various altitudes in this region, up to a so-
called critical frequency limit, depending on frequency, EM waves can es-
cape out of  the ionosphere and magnetosphere or get through. The EM
waves generated inside the magnetospheric cavity mainly originate as a
result of  the electrical activity in the atmosphere. It is well known that
also man-made sources, now widely spread on Earth, are a fundamental
source of  EM waves; however, excluding certain frequencies employed in
power distribution and communication, man-made noise can be domi-
nant only at local scale, near their source. According to recent studies, EM
waves are also generated in the Earth’s lithosphere; these waves were
sometimes associated with earthquake activity showing, on the Earth’s
surface, intensities that are generally orders of  magnitude below the back-
ground EM noise. In this review paper, we illustrate EM waves of  natu-
ral origin and discuss their characterization in order to try discriminate
those of  lithospheric origin detectable at or near the Earth’s surface.

1. Introduction
The electromagnetic (EM) spectrum is subdivided

into regions, according to wavelength (Table 1). The
Earth’s atmosphere prevents most of  the electromag-
netic radiation coming from outer space from reaching
the Earth’s surface; in fact, only portions of  radio and
visible light reach the ground.

The natural electromagnetic background noise in
the Earth’s environment originates from different phe-
nomena that involve both Earth’s external and internal
sources and their possible interaction with the ionos-
pheric and magnetospheric cavities. External sources
bring EM radiations inside the magnetospheric cavity

but they can also be generated inside the cavity, for ex-
ample by energetic particles acting as forcing mecha-
nisms that perturb and modify the ionospheric and
magnetospheric configuration. The EM Power Spectral
Density (PSD) at the Earth’s surface was deeply stud-
ied and reported since the first extensive measurements
were available, as discussed for example by Lanzerotti
[1978] and Lanzerotti et al. [1990]. The most intensive
near Earth’s sources are associated with the atmos-
pheric electrical activity, while the external sources
mainly originate on the Sun. Relevant information about
the external EM noise can be found in the CCIR/ITU
(Comité Consultatif  International pour la Radio; now
also International Telecommunication Union) Radio-
communication Sector (ITU-R) reports, published in
1964, 1988, and 1990 [CCIR/ITU 1960, 1988, 1990], as
well as in Davies [1990], Helliwell [2006], and Bianchi
and Meloni [2007].

Sudden fluxes of  particles that enter the magne-
tosphere generate magneto-hydro-dynamic (MHD)
waves and other relevant phenomena, especially in
the polar regions (e.g., auroral displays, magnetic sub-
storms, Polar Caps Absorption) and also wave-parti-
cle interactions (whistlers, chorus, hiss). According to
Lan-zerotti et al. [1990], PSD varies of  about 16 or-
ders of  magnitude in the frequency band 10-5 - 105

Hz, with values ranging from ≈10-1 to 10-17 W m-2

Hz-1. For frequencies up to the GHz, the PSD falls to
≈10-21 W m-2 Hz-1. The spectrum of  the EM pertur-
bations inside the ionosphere and magnetosphere
cavities is mostly studied for the ULF (Ultra Low Fre-
quencies) up to the HF (High Frequency) bands.
Highest frequencies will not be considered in this
paper since, starting from HF onwards, i.e. corre-
sponding to waves able to escape the ionosphere, the
background noise decreases accordingly. In Table 1
acronyms, frequency, wavelength and PSD approxi-
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mate values of  the natural radio noise sources in the
magnetosphere and ionosphere, are reported. As
briefly reported above, the background EM noise be-
comes less important at higher frequency while the
cosmic noise is prevalent starting from VHF-UHF fre-
quency band. At lower frequency a primary source of
noise is the interaction between particles and waves
coming from outer space and the magnetosphere,
while a secondary source originates inside the ionos-
pheric cavity: in this case atmospheric lightning dis-
charges produce several remarkable phenomena such
as sferics, tweeks and so on [e.g., Wait 1982, Helliwell
2006, Bianchi and Meloni 2007, and references
therein]. Over the range ≈10-4 to ≈104 Hz the ampli-
tude spectra (fT/√Hz) fall between the two straight
lines f -1.5 and f -1 with an average half  line slope that
rolls off  as f -1.25 (Figure 1). As a natural trend, the

spectral density decreases considerably from lower to
higher frequency, since contributions to background
noise from sources internal to the cavities are less im-
portant and cosmic noise becomes prevalent up to the
millimetric wavelength. The f -1 decay is a natural
trend, being a constant when considering a confined
environment [Füllekrug and Fraser-Smith 2011]. 

The purpose of  this work is to describe the EM
background noise in the Earth’s environment and to
compare the natural external signals with the internal
Earth’s crust, or more generally lithospheric, sources.
These are supposed to be weaker and local and to have
peculiar characteristics that can be used to discriminate
the internal from the external contributions (see a re-
view by Hayakawa and Hobara [2010]). EM emissions
radiated from the lithosphere were at times related to
earthquakes occurrence. In particular, many authors have
hypothesized that EM waves can be generated at the
hypocenter during the earthquake or its preparation
phase [e.g., Hayakawa et al. 1996, Johnston 2002, Teys-
seire and Ernst 2002, Uyeda et al. 2009]; reported EM
phenomena take place in a wide frequency range [see
for example: Hayakawa and Fujinawa 1994, Hayakawa
and Molchanov 2002]. Some reported ionospheric phe-
nomena, were related to earthquake occurrence [Pu-
linets et al. 2007], but were criticized. In fact Thomas
et al. [2012] had reproduced the same time series re-
sults, in which the authors identified an anomalous sig-
nal, and found it was normal solar and geomagnetic
activity that were, in their opinion, unrelated to the
earthquake. 

In the following, the most relevant sources of  nat-
ural EM waves, in the various frequency ranges, will be
treated separately. 

2. Background noise in the ULF range 
Geomagnetic pulsations, also called micropulsa-

tions (or simply pulsations) are the ground signature of
ultra low frequency (ULF) hydromagnetic waves prop-
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Figure 1. EM natural noise PSD. In the frequency interval from 10-4

to 104 Hz, the noise falls between the two straight lines trending as
f -1 and f -1.5 (redrawn after Lanzerotti et al. [1990]).

Sources of natural EM radio noise Frequency Wavelength
(m)

Spectral power
(W m-2 Hz-1)

Physical
environment

resonance in the magnetospheric cavity,
interaction with particles of  solar origin and
radiative pressure with the magnetosphere

ULF
0.1 ÷ 3,000 mHz

3·1011 ÷ 108 10-1 ÷ 10-10 magnetosphere

resonance in the ionospheric cavity
ELF

3 ÷ 3,000 Hz
108 ÷ 105 10-10 ÷ 10-12 ionosphere

propagation in the ionospheric cavity
of  the radiating atmospheric discharge

VLF
3 ÷ 30 kHz

105 ÷ 104 10-12 ÷ 10-14 ionosphere

atmospheric noise
LF-MF-HF

30 kHz ÷ 30 MHz
104 ÷ 102 10-14 ÷ 10-17 ionosphere

Table 1. Main physical characteristics of  the natural EM radio noise sources in the magnetosphere and ionosphere.
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agating in the Earth’s magnetosphere [Anderson 1993,
1994]. Their period varies from less than 1 s to 10 min,
while their amplitude varies from tens to hundreds nT,
increasing with increasing period and magnetic latitude.
Traditionally, micropulsations are classified as continuous
(Pc) and irregular (Pi) as reported in Table 2. Most of  the
ULF waves detected at the Earth’s surface originate
outside the magnetosphere [Yumoto 1988]. The solar
wind, the magnetospheric foreshock, the magnetos-
pheric bow shock, and the magnetopause, are sources
of  ULF waves. Many of  these waves pass through the
magnetopause and propagate through the magnetos-
phere interacting with waveguides, magnetic field lines
and the ionosphere generating the pulsations detected
at the Earth’s surface. 

Externally generated ULF waves detected at the
ground level are not identical to waves that enter the
magnetosphere through the solar wind, since their en-
ergy is transformed and amplified inside the magnetos-
phere [see for example McPherron 1991]. Schematically,
regular pulsations from Pc3 to Pc5 are due to the so
called Kelvin-Helmholtz instability generated at the
magnetopause by the differential flow of  the solar
wind on either side of  the magnetosphere. Another
mechanism of  pulsations generation, mainly in the
bands Pc3-Pc4, is given by the penetration of  waves
generated upstream from the bow shock region,
called ‘upstream waves’ into the magnetosphere. Pc1
and Pc2 have periods comparable with cyclotronic res-
onances in the magnetosphere and are associated with

the magnetospheric plasma, in particular drift of  pro-
tons and heavier ions. 

Pulsations amplitude is normally not larger than
a few nT in the Pc1 and Pc2 range and a few tens of
nT at longer periods; in exceptional cases pulsations
can reach very large amplitudes (100 nT and more).
Short period pulsations Pc1, Pc2 and Pi1 are travel-
ling waves, while long period pulsations are mainly
standing waves inside the magnetospheric cavity. The
same mechanism can be observed in the ionospheric
cavity for low frequency longitudinal and transversal
standing waves. The short period pulsations are re-
lated to the Kp magnetic activity index; they show
both frequency and amplitude modulation and are
more sporadic than the longer period pulsations
[Kangas et al. 1998].

The understanding of  the pulsation generation
mechanisms requires a detailed knowledge of  the mag-
netosphere structure and dynamics that is beyond the
purpose of  this work. Long period pulsations (Pc5 and
Pc4) are the magnetic signatures of  plasma waves with
wavelengths comparable to the magnetospheric size.
These large-amplitude (up to hundreds of  nT), low-fre-
quency continuous pulsations are much stronger in the
auroral zone [Samson and Rostoker 1972]. In the vicin-
ity of  the resonance shell, a portion of  the energy of
these waves is transferred, through a coupling phe-
nomenon, to Alfven oscillations and then to Pc5 and
Pc4 pulsation standing waves [Kivelson et al. 1984,
Surkov and Hayakawa 2008].

EARTH’S BACKGROUND EM NOISE CHARACTERIZATION

Continuous pulsations

Pc1 Pc2 Pc3 Pc4 Pc5

Period (s) 0.2 - 5 5 - 10 10 - 45 45 - 180 150 - 600

Frequency (mHz) 5,000 - 200 200 - 100 100 - 22 22 - 7 7 - 2

Maximum intensity (nT) 1 3 10 < 300 300

Source

EM ion-cyclotron
instability

in the equatorial
magnetosphere

EM ion-cyclotron
instability

in the equatorial
magnetosphere

wave-particle
interaction

in the bow shock
region

drift of  protons
from the night side

magnetopause
instability

Impulsive pulsations
Incoherent noise

Pi1 Pi2

Period (s) 1 - 40 40 - 150 1 - 1,000

Frequency (mHz) 1,000 - 25 25 - 2 1,000 - 1

Maximum intensity (nT) 10 100 -

Source
modulation

of  charged particles
sub-storms

ionospheric
electric currents

Table 2. IAGA classification and standard nomenclature of  the most relevant continuous and impulsive pulsations in the ULF band.



3. Background noise in ELF-VLF range 
Broad-band ELF-VLF spectrum measurements

made in typical low noise environments, show a uni-
form structure all over the Earth [Lanzerotti et al.
1990]; a more intense radio noise is present at high lat-
itude in the frequency band between 0.5 and 1,500 Hz,
where so called polar hiss/chorus emissions can be
relevant [Golden et al. 2009]. Typical background
noise at mid latitude in the VLF-ELF band is reported
in Figure 2 [Fraser-Smith 2007]. During daytime, the
background noise is particularly attenuated in the fre-
quency window 1-5 kHz [Garcia and Jones 2002]. This
frequency interval is called “dead band” and is nearly
coincident with the transversal resonances of  the
ionospheric cavity.

The EM noise background fills the space around
the Earth interacting in a complex way with the mag-
neto-ionosphere boundary shells at various altitudes
and latitudes. The EM background noise due the su-
perimposition of  numerous sources distributed inside
the two cavities [Meloni et al. 1992] is the result of  all the
existing phenomena, such as sferics, tweeks, whistlers and
others [e.g., Wait 1982, Helliwell 2006, Bianchi and Mel-
oni 2007], and of  the complex interaction of  the EM
fields with the approximate reference surfaces delimit-
ing the cavities. In general, as mentioned before, the
largest the cavity volume, the lowest the resonant fre-
quencies and the highest the intensity of  the fields con-
fined in the cavity.

The background noise in the ionospheric cavity is
sustained by a range of  60-100 natural lightning elec-
trical discharges per second, especially generated in the
tropics, with a wide spectrum ranging from few Hz to
hundreds of  MHz. This spectrum is strongly influenced
by the ionospheric cavity shape and, as a result, only
signals in the spectral windows ranging from about 8
to 45 Hz, survive. These are the Schumann longitudinal

resonances [Bliokh et al. 1980, Sentman 1987, Sentman
and Fraser 1991] and related harmonics. All possible
EM frequencies are given by the relation:

where a is the Earth’s radius, c is the velocity of  light in
vacuum and n is any integer number. Moreover the
conductive layer of  the ionosphere, at about 100 km of
height, gives the highest amplitude resonant frequency
and related harmonics, not on a global scale, in the 900-
5,000 Hz band (transversal resonances).

In the frequency band from 5 to 30 kHz, the dom-
inant signals are the sferics (also called statics), that are
frequently audible in the radio equipments, as well as
the tweeks (dispersed sferics) are. Taking into consid-
eration a single lightning discharge, the observed spec-
trum depends on the source-observer distance and is
called source spectrum. The convolution of  the source
function with the cavity transfer function becomes
more and more important at increasing distance. As a
consequence the nearest observer detects a maximum
intensity around 300 kHz, the farthest observer experi-
ences a maximum intensity around 7 kHz. 

Table 3 shows the main EM sources in the magne-
tosphere and ionosphere. In the frequency range from
ELF/VLF to LF, the PSD varies roughly as the inverse
squared frequency [Fraser-Smith 1995]. 

4. Possible origin and mechanisms for internal Earth
generated EM waves 

The description of  the ionospheric and magnetos-
pheric signals, in the frequency range from ULF to VLF,
above presented, attains to a consolidated investigation
field, following several decades of  radio wave investi-
gations. In the lasts decades several authors have re-
ported on the existence of  internally generated EM waves
that are reported as weaker and local. Detection of  EM
waves of  internal Earth origin is made with direct ob-
servation of  electromagnetic emissions from the litho-
sphere. We should mention however that some authors
also operate detecting signals originated in the litho-
sphere, indirectly. This is done investigating on the prop-
agation anomaly of  a pre-existing transmitter signal; the
anomaly could be due to a mechanism of  lithosphere–
atmosphere–ionosphere coupling [see: Uyeda et al. 2009,
Haykawa and Hobara 2010, and references therein]. The
characterization of  EM waves generated by internal
Earth sources, is done in terms of  their range of  fre-
quency and amplitude, wave attenuation, crustal or sub-
soil mode of  propagation, that allow to detect this kind
of  EM emission. Moreover the type of  emitting process
encompasses a range of  uncertainty that is still domi-

r2 a
c n n 1n= +f ^^ h
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Figure 2. PSD of  the ELF-VLF background mid-latitude noise. The
blue and red lines indicate minima and maxima, respectively.

(1)
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nant in the achieved findings [Dea et al. 1993, Johnston
2002, Teysseire and Ernst 2002, Palangio et al. 2007]. 

All authors generally reported that rocks modifi-
cation or fracture in the Earth’s crust, could produce
EM waves. The fracture in brittle materials, such as
solid rocks, can be envisaged as the result of  a series of
different phases taking place prior to earthquakes, sum-
marized in the so called dilatancy theory [Stuart 1974].
This theory is based on the idea that a rock, when
stressed, begins to increase its volume or to dilate; this is
caused by the opening of  micro-cracks and fractures in
the rock. This theory was revitalized several times for
earthquake prediction, but also severely criticized [Geller
et al. 1997]. The sequence of  events is following: 1) ac-
cumulation of  stress; 2) micro-fracturing; 3) dilatancy;
4) macroscopic rupture. This last rupture occurs with
release of  stress and emission of  seismic waves. In the
Earth’s crust the first phase can last tens of  years, cen-
turies, or even more, and the stress can increase continu-
ously or with intermittence. The macroscopic rupture of
rocks consists in a fracturing at the microscopic scale,
radiating elastic energy in a manner analogous to earth-
quakes [Scholz 1968, Kato et al. 1994].

When micro-fracturing occurs in certain rocks, it
can cause piezoelectric effects that create packets of  EM
waves of  different frequency capable of  travelling sig-
nificant distances through the Earth’s crust before reach-
ing the surface. This is one of  the mechanisms that could
account for generation of  EM waves before earthquakes
[Johnston 2002, and references therein]. Micro-fractur-
ing occurs when a rock is roughly half  a way towards its
breaking point. Several laboratory experiments were
undertaken to detect these waves in a controlled envi-

ronment [e.g., Freund 2008, 2009]. 
The change in the rock size may lead to the uplift

of  ground surface or to a variation in the groundwater
pressure and level. Bolt [1988] has shown that, as crustal
rocks break up under the tectonic stress preceding an
earthquake, the variation in the pore pressure inside the
rock causes a temporary decrease of  the seismic P waves
velocity. Unfortunately, the time interval between the
P-wave velocity change and the earthquake, might last
months or years; the greater the magnitude of  the earth-
quake, the greater the lapse time. Much of  earthquake
predictions was based on the changes that the rocks un-
dergo when they are subject to all these phases. Rocks
change physically transmitting seismic waves at chang-
ing speeds, magnetic properties can be altered and elec-
trical resistance will also vary. Famous example is the
Guam earthquake with magnitude 8.0 occurred in 1993
[Hayakawa et al.1996]. Thomas et al. [2009] report how-
ever, that the anomalous magnetic noise identified by
Fraser-Smith et al. is not related to the Loma Prieta
earthquake but, according to their work, was an arti-
fact of  sensor-system malfunction. Also in the case of
Guam 1993 earthquake Thomas et al. [2009] reported
that the changes in polarization was part of  normal
global magnetic activity and unrelated to the earth-
quake. So the above mentioned results and their inter-
pretation are still awaiting for confirmation.

For what concerns EM waves generation process,
piezo-magnetism, but also other physical mechanisms,
have been proposed to explain the appearance of  mag-
netic waves prior to earthquakes. Other possible EM
waves generation mechanisms include electro-kinetic
[Fenoglio et al. 1995, Simpson and Taflove 2005] and

EARTH’S BACKGROUND EM NOISE CHARACTERIZATION

(a) Magnetospheric sources Hz

Free oscillations in the magnetospheric cavity 3·10-3 - 102

Resonance in the magnetospheric cavity 0.1 - 10

Magneto-hydrodynamic waves in the magnetospheric cavity 101 - 2·104

Resonance wave-particles (transversal and longitudinal) 3·104 - 2·104

Emission due to plasma instabilities 3·10-3 - 105

(b) Ionospheric sources Hz

Emission due to ablation of  meteorites 3·102 - 3·104

Sferics 1·103 - 1·105

Sprite, Blue Jet, Red Flash, Elves 2·103 - 6·104

Longitudinal resonance in the ionospheric cavity 7.8 - 48

Transversal resonance in the ionospheric cavity 8·102 - 5·103

Atmospheric gamma rays 6·103 - 6·104

Table 3. (a) Magnetospheric and (b) ionospheric EM sources.



magneto-hydrodynamic effects [Surkov and Pilipenko
2014], resulting from fluid circulation through the
crust, stress-induced increase in local crustal electrical
conductivity [Merzer and Klemperer 1997], micro-frac-
turing, thermal magnetization/demagnetization effects
and so on [Johnston 2002, Uyeda et al. 2009]. 

Freund [2008, 2009] has suggested a semiconduc-
tor model of  rocks to describe unipolar magnetic pulses,
as several times was observed prior to earthquakes. The
suggested mechanism is based on coupling a semicon-
ductor drift-diffusion model to a magnetic field to de-
scribe the electromagnetic effects associated with
electrical currents flowing within rocks [see also Scoville
et al. 2014]. However for fluid saturated samples, ac-
cording to Dahlgren et al. [2014], observation of  sig-
nificant electrical charge buildup is not expected during
the observed slow stress accumulation prior to earth-
quakes, or during any slow precursory stress release that
may occur in the region of  earthquake nucleation. 

5. Characterization of internal Earth sources
For what concerns the Earth’s crust, or more gen-

erally the lithosphere, among the less known quanti-
ties, are the EM properties. Once the variability range
of  electrical conductivity (v) and electrical permittivity
(f) is established, other features of  the EM internal sig-
nals that enable to discriminate them from external
sources, can be inferred within an acceptable level of
accuracy. Except for frequency and intensity, other sig-
nal electromagnetic characteristics like velocity, propa-
gation mode, polarization, impulsiveness, coherence
and spectral content, strongly depend on the media
electrical properties. Most of  the published works deal
with the ULF and ELF part of  the electromagnetic
spectrum. In fact, electromagnetic signals produced in
the seismogenic layer (for example between 10 and 20
km of  depth, Chiarabba et al. [2005]), that can reach the
Earth’s surface with little attenuation [Molchanov and
Hayakawa 1995], fall in the ULF-ELF bands. 

In this framework the most probable internal sig-
nals should have the following characteristics:

- frequency range 0.01-1,000 Hz 
- magnetic intensity range 1-100 fT
- depending on v, the diffuse magnetic field veloc-

ity range 1,000-10,000 km/s
- polarization, depending on sources pattern and

nature 
- impulsiveness, following estimate of  the proba-

bility density function
- coherence, depending on the extent of  the source.
Sources can be magnetic, electric and hybrid, with

the spectral content depending on the medium charac-
teristics and the statistical behavior depending on the

emission mechanism. In Table 4 some of  the expected
features of  the internal sources are listed. 

Depending on distance, the EM fields emitted by a
source, or scattered by a reflector, are always charac-
terized by an inductive, so-called near field, and a prop-
agating so-called far field. Here, ‘near’ and ‘far’, are
referred with respect to: a distance d from the source,
the wavelength m, the extent and the coherence of  the
source D physical dimension. Through the above quan-
tities, four spatial regions are defined: (2) reactive field
region, (3) I Fresnel’s region, (4) II Fresnel’s region, and
(5) Fraunhofer’s region:

The EM near field contains useful information on
the nature of  the source, but the way to resolve this
matter can be rather complex. In the near field the sig-
nal’s power falls as r-5 with the distance r from the source
and there is no propagating field except for a small frac-
tion that will sustain the far field. In the above defined
condition (a) the E/H ratio gives indication about the
magnetic/electric nature of  the source [Palangio et al.
2008]. In the regions (b), (c) and (d) the power falls as

2

2 4

4

d

d D

D d D

d D

2

2

1

1 1

1 1

2

r
m

r
m

m

m m

m

2

2 2

2
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Table 4. Some expected features of  the EM wave internal sources.

(a) Mechanism of emission

Point source elemental dipole

Extended elemental dipole

Point source hybrid multipole

Extended hybrid multipole

(c) Statistical behavior

Gaussian

Isotropic

Stationary

Impulsive sources

Homogeneous sources

(b) Spectral content and trend

Thermic (white)

Colored

Complex

(2)

(3)

(4)

(5)
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r-4, r-3 and r-2 respectively, while the wave impedance is
defined only in (d). These considerations are essential
both for signal measurement purpose and analysis, in
order to characterize the observed signal properties. 

In the terrestrial environment quasi non radiating
(QNR) magnetic sources, whose fields remain confined
in the same volume of  the source, are quite common.
Typical examples are the toroidal sources e.g., dynamo
in the Earth’s core and in the ionosphere. These sources
are generally complex, with toroidal components that
are not observable far from the source, while the sys-
tem energetic balance cannot be resolved by measure-
ments made externally to the system. Only the sources
poloidal components can be measured. Very extended
sources, larger than the dominant observed signal
wavelength, emit electric and magnetic fields whose
space-time correlation length reflects coherence prop-
erties that depend on the nature of  the emitting source
(see general Geomagnetism textbooks, e.g.: Backus et
al. [1996], Campbell [2001]).

6. Conclusions
In this paper, we started describing the terrestrial

natural EM noise in the frequency band from 10-5 to 105

Hz. Sections 2 and 3 were devoted specifically to the
main natural sources of  EM waves in the ionospheric
and magnetospheric cavities, in the frequency ranges
from ULF to VLF. The following sections dealt with
EM sources that could be of  Earth’s internal origin. 

We have shown some typical characteristics of  nat-
ural sources in the ionosphere and magnetosphere cavi-
ties and some of  their relevant properties. We have
shown that the EM natural background radio noise fol-
lows some general physical laws. For example the back-
ground noise generated externally to the Earth’s surface,
shows a PSD that follows a typical decreasing trend, as
shown in Figures 1 and 2, exhibiting a repeating pattern
that displays at every scale; this occurrence is typical of
fractals, as it happens in many other natural phenomena.

We have not dealt here in detail with the EM man-
made radio noise sources and their characteristics; we
know however that this noise can be compared with
natural noise, and that only in particular in the ELF
band, the two contributions can be easily mixed up.
Moreover in the past decades, the widespread EM field
measurements eliminated some uncertainty concern-
ing natural noise parameterization in terms of  time-
space-frequency. 

Electromagnetic signals existing in the ionospheric
and magnetospheric cavities are not observed only as
primary fields but also as secondary. In fact they can
penetrate the Earth and propagate at various depths
with different attenuations depending on the frequency

and on the electric characteristics of  the media. This
issue is dealt with in Magnetotelluric methods that try
to characterize the internal Earth electrical conductiv-
ity by means of  a combination of  electric and magnetic
measurements on the Earth’s surface [Garcia and Jones
2002] and in some cases by means of  magnetic field time
variations transfer functions only [Egbert and Booker
1986]. These induced signals can also be reflected at the
interfaces and interfere with the primary inducing sig-
nals. This leads to a representation of  the distribution
of  electromagnetic fields in the time-space and fre-
quency domain. 

In case of  possible lithospheric sources, the emit-
ted signal’s energy is not yet characterized and is rea-
sonably dependent on the distance. While for
ionospheric or magnetospheric sources, the emitted
energy is better characterized. It has been reported
also that the signal polarization, the ratio of  magnetic
vertical to horizontal component, is relatively small for
the plasma waves coming from the ionosphere/mag-
netosphere, while this ratio is considerably enhanced,
for lithospheric origin emissions. Moreover the signal
impulsiveness can be important to discriminate the in-
ternal sources. In fact impulsiveness is a quality of  in-
ternal sources while if  observed in case of  external
sources, it should subsist at a large scale, if  not world-
wide. If  a local array network, consisting of  at least
three stations can be used in the field, the so called ‘di-
rection finding’ radio technique can be used to infer the
signal internal origin. The operating method can be go-
niometric or gradiometric. In the Izu and Chiba penin-
sulas ( Japan), by measuring the gradient of  horizontal
and vertical components of  the magnetic field at dif-
ferent frequencies, Kopytenko et al. [2002] and Is-
maguilov et al. [2002] have computed the azimuth of
the incoming waves from the normal to the observed
gradient, leading to an internal source. In case of  in-
ternal Earth generated signals no significant correlation
between EM signals and geomagnetic activity, ex-
pressed also with geomagnetic indices, should be
found.

Possible relations of  EM waves propagating in the
ionospheric-magnetospheric cavity and earthquakes, as
we have also mentioned before, cannot be excluded ‘a
priori’. We note however that the mechanism of  litho-
sphere–atmosphere–ionosphere coupling, that should
be relevant as the final goal of  seismo-electromagnetics,
still needs to be deeply investigated. As we have reported
here the separation between the various external
sources of  EM signals and the Earth internal sources, is
on the other hand the primary problem to be solved and
many questions still remain unanswered on the separa-
tion of  the two contributions. However some elements

EARTH’S BACKGROUND EM NOISE CHARACTERIZATION



concerning the internal EM source are now considered
important, for example the knowledge of  electrical con-
ductivity, permittivity, temperature, chemical composi-
tion of  the crust and its layered structure, with possible
travel paths, might play an important role in this re-
search field. Moreover the EM probable frequency band
for these phenomena should fall in the ULF-ELF bands.
For this reason a detailed monitoring and knowledge of
the background EM noise is still needed.
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